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c^ri. laminat-" mir ro-mixer 

■ t - relates to a micro-mixer for mixing, dispersing, emulsifying or 
The invention relates to a mio mic ro-mixer to have 

M arranged above .he forme. The ope g ^ 

i w»> are formed as continuous openings. The opening 
apenurep.a.eWarefonne ^ ^ . hole 0 r 

desired; the opening preferably nas 
rectangular slot). 

static ro „rs are k e y e,eme„ K ,n m— . « 

mixing of fluid phases by me ^ ^ 

a , — arranged ,ame.Ue ma.es ,, possrb, . - ^ ^ 
m ,ero S eo P ie range. Mu.U-lam.na.ron mrxers mad 
stack ed mm pU.es are ahead, — * ^ the 

thls b - -„ r »^ to the m „ atlon 

:rr - p— =:: ::: 

chamber which rs adjomed by a. east «w P mix . ng ^ 

the manner of a comb hereon ^ „ nght angtes to th e 

Above .he mixing reg.on .here are outlet slots, w 
« channel fingers and through which the product emerges. As a result ot P 

T„e invention spceifred in Paten, Claim , is based on the problem .ha. mrcro-rmxers 
Z Z up with eon.am,„,.ng parses and therefore .end to blo* as a 
can clog up Mihimies , her e is a considerable restnctron of the 

3„ Ore — ^ _ ,„„ constructed from 

^ I m mlstnlres are no .onger free, — c.eanmg bf -he m.cro- 
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ralx ers described is therefore no. possible rrr a straightforward manner. In order ,0 
dean a copending micro-mixer, ,he p.a.e stack has to be dismantled, whreh 
generally proves to be very complicated. 

These problems are solved by the siaric Unfinafion micro-mixer described in Paten, 
Cairn' which, in order ,0 mix a. leas, two fluid phases, eonrains a, >eas. one slotfcd 

,he former. The slot openings are generally formed as continuous opemngs. 

The advantages achieved by .he invention consist in .be fac. .ha. the s«a.ic .amnion 
I r -mtxer can be produced economic*, is easy to dean and .be Autos ,o be 
Ted are mixed rapidly and effectively with one another. In addition, .he pressure 
loss is so low .ha. it can even be used for large throughput 

Advantageous refinements of .he invention are spec.fled in Claim 2 and .hose 
fouowing. According to Cairn 2, the number of aperture slots m the aperture p.« 
and/or .he number of slot openings in the slotted plate can be greater than T In the 
sl „, openings of the slotted plate, according to Claim 3, .he flutd flows 
various regions of the fluid distribution are led in such a way that they enter he s,o 
, opening of a slotted or aperture plat, located above. According to Cam, 5, the flutd 
pLs come together m the slot opemngs of the aperture plate. The slo, opemngs ,n 
L s,o„ed plate can in this case be offset paral.e, to one another and/or arranged m a 
periodic pa..cm in relation to one another. By means of a su.tab.e geometnc form 
and alignment, s.o, openings according to Cairn 6 in the slotted p.a.e can promote 
, 5 the production of secondary effects. These effects can be produced, for example by 
separations of vortices behind the p.ates or by transverse components from the feed 
Une, The mrxtng a, the molecular .evel as a result of diffusion is consequently 
overlaid by secondary flows, which lead to a shortening of the diffusion paths and 
therefore the mixing time, According to Claim 7, the slo. opemngs can be arranged 
30 ob.ique.y in relation to one another. A Anther refinement permits the s.o, opemngs 
,o be configured in the manner of funnels or lobes. This refinement of the forms can 
be expedient in order to achieve a uniform pressure distribution in the feed channel, 
This is a precondition in order to arrive a, a umform mixing quality in the ent.re 
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component Furthermore, i. is possiWc for a plurality of slotted plates and/or 
aperture pla.es to be arranged offset from one another directly above one another. 
Deflection of .he flow can be achieved according <o Claim 9 if dotted plates and/o. 
apertnre pla.es located directly above one another or arranged offset from one 
another are used. The deflection action can be nsed, according <o Claim U, to lead 
the one or more fluid flows specifically to the metering point of one or more flutd 
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The mixing ehamber can be fitted above the aperture plate, according to Claim 12. 
Acceding to Claim 13, it is also possible for the aperture slots in the aperture plate 
to be offset parallel to one another and/or arranged in a periodic pattern in relation to 
one another. A further advantageous refinement of the invention permits the slot 
openings in the slotted plate and the aperture slots in the aperture plate to be arranged 
rotated at any desired angle, preferably 90°, in relation to one another. According to 
Claim 15 it is additionally possible for the slot openings in the slotted plate and the 
aperture slots in the aperture plate to have a width of less than 500 um. In order to 
im prove the result when mixing liquids, emulsifying or suspending, slot openings 
with widths smaller than 100 urn have in particular proven to be worthwhile. The 
width of the slot openings in the slotted plate is the same for all fluid phases m the 
basic type of the mixer. However, it has been shown that, in the case of combining 
fluids which differ in terms of their viscosity and/or in which the volume flows are in 
a numerical ratio with one another different from 1:1, it may be advantageous if the 
width and/or shape and cross-section of the slot opening in the slotted plate differ for 
the various fluids. A further advantageous refinement permits the slotted and 
aperture plates to consist, partly or completely, of metal, glass, ceramic and plastic or 
else of a combination of these materials. According to Claim 17, the slotted and 
aperture plates can be produced by punching, embossing, milling, erosion, etching, 
plasma etching, laser cutting, laser ablation or by the LIGA technique but preferably 
by laser cutting or the LIGA technique. A further advantageous refinement permits 
the slotted and aperture plates to comprise a stack of micro-structured thm plates; 
these thin micro-structured plates can be connected materially to one another by 
means of soldering, welding, diffusion welding or adhesive bonding or with a force 
fit by means of screwing, pressing (for example in a housing) or nveting. An 
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advantageous refinement aceording to Claim 20 permus the aperture slots » the 
aperture plate and the dot openings in the slotted plate to be of branehed 
configuration. The static micro-mixer obtained in this way can, according to Clam, 
21 be accommodated in a housing provided for the purpose. According to Clarm 22, 
the housing can contain channels and in .his way permits spatia! distribute of the 
fluids According to Claim 23, these channels can be arranged parallel to one 
another, radially, concentrically or behind on. another. In order to achieve a surname 
distribution of the speeds along .he channels, i. may be advantageous to mam.am or 
to vary .he cross sections over their length, according to Claim 24. 

According .o Claim 25, me micro-mixer can be used individually or aa a constituent 
par, of a modularly cons.ruc.ed arrangement for carrying out physical or chem.cal 
conversions or, according to Claim 26, together with other functional modules, 
integrated into one component. 

Exemplary embodiments of the inventions are illustrated in the drawings and will be 
described in more detail below. 



In the drawings 

20 



Fig . 1 shows a schematic illustration of the static micro-mixer comprising a slotted 
plate and an aperture plate; 

Fig 2a shows an exploded illustration of a static lamination micro-mixer 
25 comprising lower housing part (10), feed channels (11), slotted plate (20) 

and aperture plate (30); 

Fig 2b shows an illustration of a static lamination micro-mixer comprising lower 
housing part (10), feed channels (11), slotted plate (20) and aperture plate 
30 (30); 

Fig. 3a shows a plan view of the feed channels (1 1), slot openings (22a, 22b) and 
aperture slots (3 1) of a static lamination micro-mixer; 
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Fig. 3b shows a plan view of the slot openings of different geometry and orientation 
(22) in a slotted plate (20) of a static lamination micro-mixer; 

5 Fig. 3c shows a plan view of the slot openings of different geometry and orientation 
(22) in a slotted plate (20) of a static lamination micro-mixer; 

Fig. 3d shows a plan view of the slot openings of different geometry and orientation 
(22) in a slotted plate (20), the slot openings for both fluids overlapping in 
10 the plane of the slotted plate; 

Fig. 3e shows a plan view of the slot openings of different geometry and orientation 
(22) in a slotted plate (20), the slot openings having different widths and 
forms; 

15 

Fig. 3f shows a plan view of the slot openings of different geometry and orientation 
(22) in a slotted plate (20), the slot openings, the aperture slots (31) and/or 
the feed channels (11) having different and variable widths and forms; 

20 Fig. 4a shows a plan view of a static lamination micro-mixer comprising lower 
housing part (10), slotted plate (20) and aperture plate (30); 

Fig. 4b shows a plan view of a static lamination micro-mixer; 

25 Fig. 5 shows an exploded illustration of a static micro-mixer; 

Fig. 6 shows an exploded illustration of a static micro-mixer with the viewing 
angle from below; 

30 Fig. 7a shows a schematic illustration of the lower housing part (10); 

Fig. 7b shows a cross section through lower housing part (10) along the plane B-B; 
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Fig. 7c shows a cross section through lower housing part (10) along the plane C-C; 

shows a schematic illustration of a static micro-mixer having two different 
slotted plates and slot openings (22, 23) arranged offset in relation to one 
another; 

shows a schematic illustration of an assembled static lamination micro- 
mixer having two different slotted plates; 



Fig. 8a 

5 

Fig. 8b 



10 Fig. 9a shows exploded illustrations of lamination micro-mixers with a parallel 
offset arrangement of the channels in order to divide the fluids in the 
housing; 

Fig. 9b shows exploded illustrations of lamination micro^mixers having a radially 
15 concentric arrangement of the channels in order to divide the fluids in the 

housing; 

Fig. 10 shows a lamination micro-mixer (60) (cf. Fig. 9a) as a constituent part of an 
integrated process arrangement together with a heat exchange unit (70). 

20 

Fig. 1 shows a schematic illustration of a static lamination micro-mixer comprising 
lower part 10, a slotted plate 20 and an aperture plate 30. The lower part 10 contains 
the feed channel 11a for the fluid A and the feed channel 1 lb for the fluid B. The 
slotted plate 20 has slot openings 22a and 22b for the fluids A and B, which are fed 
25 from the feed channel 11a and 1 lb. Above the slotted plate 30 there is the aperture 
plate 30 having an aperture slot 31." In this case, the aperture plate 30 covers the 
outer region of the slot openings 22a and 22b, the central region of the slot openings 
22a and 22b overlapping the aperture slot 31 and remaining free as a result. 



30 Fig. 2a shows the exploded illustration of a static micro-mixer comprising lower part 
10, feed channels 11a and lib, slotted plate 20 and aperture plate 30. The feed 
channels 11a and lib in each case contain the fluids A and B; above these feed 
channels there is the slotted plate 20 having the slot openings 22a and 22b. Located 
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above the latter is the aperture plate 30, whose aperture slots are arranged at an angle 
of 90° in relation to the slot openings 22a and 22b. 

Fig. 2b shows a schematic illustration of a static micro-mixer, as illustrated in Fig. 
5 2a, comprising lower part 10, slotted plate 20 and aperture plate 30. 

Fig. 3a shows slot openings 22a and 22b arranged as double rows in the form of 
slotted regions 21. These slotted regions 21 are fed with fluids through the feed 
channels 1 la and 1 lb. One half of the slot openings 22a overlaps the feed channels 
10 11a, the other overlaps the feed channels lib. In the central region of the double 
rows, the slot openings 22 overlap the aperture slot 31 fitted above. The slot 
openings 22 can also be arranged obliquely, as illustrated here. 

Fig. 3b, Fig. 3c, Fig. 3d, Fig. 3e and Fig. 3f show slot openings 22 with different 
1 5 geometric configuration and orientation. Underneath the slot openings there are the 
feed channels 11. Above the slot openings there are the aperture slots 31. The cross 
sections of the feed channels 11 and of the aperture slots 31 can vary along the 
course (Fig. 3f)- The slot openings 22 can be widened in the shape of a funnel. The 
width and form of the slot openings 22 can vary between the fluids (Fig. 3e) and 
20 within the fluids (Fig. 3f). 

Fig. 4a shows the plan view of a lower housing part 10. The lower housing part 10 is 
provided with numerous slot-like feed channels 1 la and 1 lb, which are illustrated as 
displaced alternately to the right or left. In the slotted plate 20 arranged above it 
25 there is the slotted region 21 illustrated as black bars; here, the slotted region 21 is in 
each case positioned between two feed channels 11a and 1 lb, so that it is overlapped 
by two feed channels. The aperture slots 31 of the aperture plate 30 located above 
are found centrally above the slotted regions 21 of the slotted plate 20. 

30 Fig. 4b shows a schematic arrangement of feed channels 11a and 1 lb, slotted regions 
2 1 and aperture slots 3 1 . 

Fig. 5 shows the exploded view of a static lamination micro-mixer; the micro-mixer 



EMB 04 1 009 for foreign filing 

• # 

comprises lower housing part 10 and upper housing part 40. Located between the 
lower housing part 10 and upper housing part 40 are the slotted plate 20 and the 
aperture plate 30. In the lower housing part 10 there is a groove 13, into which a 
sealing ring 50 can be inserted in order in this way to seal off the micro-mixer with 
5 respect to the surroundings. The lower housing part 10 and the upper housing part 
40 are each provided with openings for fixing elements 44, by means of which the 
two can be fixed to each other. The lower housing part 10 contains on the outer 
surface two fluid inlet channels 12a and 12b for the fluids A and B to be mixed. 
Machined on the upper side of the lower housing part 10 are numerous slot-like feed 
10 channels 11a and lib, which are configured to be lengthened alternately to one or the 
other side and can thus be fed with fluid A or fluid B. The slotted plate 20 contains 
numerous slotted regions 21; above the slotted plate 20 there is fitted the aperture 
plate 30, which has a large number of aperture slots 31. The upper housing part 40 
contains a fluid outlet 42 for the discharge of the mixture obtained. 

15 

Fig. 6 shows, in analogy with Fig. 5, an exploded illustration of a static lamination 
micro-mixer with a viewing angle from the underside. The upper housing part 40 
contains a large mixing chamber 45, into which all the aperture slots 31 of the 
aperture plate 30 open. In order to support the aperture plate 30, a plurality of 
20 supporting structures 41 are fitted in the upper housing part 40. 

Fig. 7a shows the schematic illustration of the lower housing part 10. The lower 
housing part 10 is provided with feed channels 11a and 1 lb for the fluids A and B to 
be mixed. There are fluid inlets 12a and 12b on the outer sides of the lower housing 
25 part. The cutouts 44 in the four corners of the lower housing part 10 permit it to be 
fixed. 

Fig. 7b shows the cross section through the lower housing part 10 along the line B-B 
in Fig. 7a. The fluid inlet 12a continues into the fluid inlet channel 14 for the fluid A. 
30 On the upper side of the fluid inlet channel 14 there are the feed channels 11a for the 
fluid. On the upper side of the lower housing part 10 there is a groove 13 for the 
insertion of a sealing ring. 
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Fig. 7c shows the cross section through the lower housing part 10 along the line C-C 
in Fig. 7a. The feed channels 11a for the fluid A and lib for the fluid B run 
alternately parallel without there being any cross connection between these two feed 
channels. On the upper side of the lower housing part 10 there is again a groove 13 
5 for the insertion of a sealing ring. 

Fig. 8a shows the schematic illustration of a static lamination micro-mixer having the 
two different slot openings 22a/22b and 23a/23b. The slot openings 22a and 22b of 
the first slotted plate form the feed channels for the second slotted plate having small 
10 slot openings 23a and 23b. The slot openings 22a/22b and 23a/23b are in each case 
rotated through 90° in relation to one another. 

Fig. 8b shows the plan view of such a static micro-mixer according to Fig. 8a 
comprising two different slotted plates, whose slot openings are rotated through 90° 
15 in relation to one another. 

Fig. 9a and Fig. 9b show two exemplary embodiments of lamination micro-mixers in 
an exploded illustration. According to these, the slot openings in the slotted plate, 
the slot openings in the aperture plate and also the channels for distributing the fluids 
20 can be arranged to be offset circularly or in parallel. 

Fig. 10 shows an exemplary embodiment relating to the use of a lamination micro- 
mixer as a constituent part of an integrated arrangement for carrying out physical- 
chemical conversions. In the case presented, lamination micro-mixer (60) and 
25 bundled-tube heat exchanger (17) are integrated into one component. 
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List of reference symbols 



10, 10a 


Lower housing part 


11a 


Feed channel for fluid A 


lib 


Feed channel for fluid B 


12a 


Fluid inlet for fluid A 


12b 


Fluid inlet for fluid B 


13 


Groove for sealing ring 


14 


Fluid inlet channel 


20 


Slotted plate 


21 


Slotted region 


22a 


Slot opening for fluid A 


22b 


Slot opening for fluid B 


23a 


Slot opening for fluid A 


23b 


Slot opening for Fluid B 


30 


Aperture plate 


31 


Aperture slot 


40, 40a 


Upper housing part 


41 


Supporting structure 


42 


Fluid outlet 


44 


Opening for fixing element 


45 


Mixing chamber 


50 


Sealing ring 


60 


Micro-mixer 


70 


Bundled-tube heat exchanger 
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Patent claims 

1. A static lamination micro-mixer for mixing, dispersing, emulsifying or 
suspending at least two fluid phases, characterized in that it contains at least 
one slotted plate having slot openings and an aperture plate having aperture 
slots arranged above the former, whose slots are produced as continuous 
openings. 

2. Micro-mixer according to Claim 1, characterized in that the number of slot 
openings in the slotted plate and/or the number of aperture slots in the 
aperture plate is greater than one. 

3. Micro-mixer according to Claims 1 and 2, characterized in that, after entering 
the slotted plate, the fluid phases are initially fed to one another in the slot 
openings before they enter the opening of a plate located above. 

4. Micro-mixer according to Claims 1 to 3, characterized in that the slot 
openings in the slotted plate are arranged in relation to one another in such a 
way that the fluid phases enter the slot opening of an aperture or slotted plate 
located above. 

5. Micro-mixer according to Claims 1 to 4, characterized in that the fluid phases 
come into contact with one another in the slot openings of the aperture plate. 

6. Micro-mixer according to Claims 1 to 5, characterized in that the geometric 
form and alignment of the slot openings in the slotted plate promote the 
production of secondary effects. 

7. Micro-mixer according to Claims 1 to 6, characterized in that the slot 
openings are arranged obliquely in relation to one another 

8. Micro-mixer according to Claims 1 to 7, characterized in that the cross 
section of the slot openings in the plate is configured in the shape of a funnel 
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or lobe. 



Micro-mixer according to Claims 1 to 8, characterized in that a plurality of 
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slotted plates and/or aperture plates are arranged directly above one another 
or offset in relation to one another. 



10. Micro-mixer according to Claims 1 to 9, characterized in that structures are 
applied to the slotted plates or are machined out of the plates. 

11. Micro-mixer according to Claims 1 to 10, characterized in that, by means of 
suitable arrangement of one or more slotted plates and/or aperture plates, a 
fluid is led to an outlet opening of another fluid. 

12. Micro-mixer according to Claims 1 to 11, characterized in that the mixing 
chamber is fitted above the aperture plate. 

13. Micro-mixer according to Claims 1 to 12, characterized in that the aperture 
slots in the aperture plate are offset parallel to one another and/or are 
arranged in a periodic pattern in relation to one another. 

14. Micro-mixer according to Claims 1 to 13, characterized in that the slot 
openings in the slotted plate and the aperture slots in the aperture plate are 
arranged at any desired angle to one another, preferably rotated through 90°. 

15. Micro-mixer according to Claims 1 to 14, characterized in that the slot 
openings in the slotted plate and the aperture slots in the aperture plate have a 
width of less than 500 jim but preferably less than 10 pm. 

16. Micro-mixer according to Claims 1 to 15, characterized in that the slotted and 
aperture plates consist, partly or completely, of metal, glass, ceramic and 
plastic or of a combination of these materials. 

17. Micro-mixer according to Claims 1 to 16, characterized in that the slotted and 
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aperture plates have been produced by punching, embossing, milling, erosion, 
etching, plasma etching, laser cutting, laser ablation or by the LIGA 
technique but preferably by laser cutting or the LIGA technique. 

5 18. Micro-mixer according to Claims 1 to 17, characterized in that the, slotted and 
aperture plates comprise a stack of micro-structured thin plates. 

19. Micro-mixer according to Claim 18, characterized in that the thin micro- 
structured plates are connected materially by means of soldering, welding, 

10 diffusion welding or adhesive bonding or with a force fit by means of 

screwing, pressing or riveting. 

20. Micro-mixer according to Claims 1 to 19, characterized in that the aperture 
slots in the aperture plates and the slot openings in the slotting plates are of 

1 5 branched configuration. 

21. Micro-mixer according to Claims 1 to 20, characterized in that the micro- 
mixer is accommodated in a housing provided for the purpose. 

20 22. Micro-mixer according to Claims 1 to 21, characterized in that the housing 
can contain channels which permit spatial distribution of the fluid phases. 

23. Micro-mixer according to Claims 1 to 22, characterized in that the channels 
are arranged offset parallel from one another, radially, concentrically or 
25 behind one another in order to distribute the fluids in the housing. 



24. Micro-mixer according to Claims 1 to 23, characterized in that the channels 
are designed with constant or variable cross sections in order to distribute the 
fluids in the housing. 

30 

25. Method for mixing, dispersing, emulsifying or suspending at least two fluid 
phases, characterized in that these are led through at least one slotted plate 
having slot openings, whose slots are produced as continuous openings, and 
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an aperture plate having aperture slots arranged above the former. 



EMB 04 1 009 for foreign filing 

- 15 



Static lamination micro-mixer 



Abstract 



A description is given of a static lamination micro-mixer for mixing, dispersing, 
emulsifying or suspending at least two fluid phases, which contains at least one 
slotted plate having slot openings and an aperture plate having aperture slots 
arranged above the former, whose slots are produced as continuous openings. 
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Fig. 1 
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Fig. 6 
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Fig. 7b 11a 




Fig. 7c 11a 11b 
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Fig. 9a 
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